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Beamline BL16B1 at Shanghai Synchrotron Radiation Facility (SSRF) is dedicated to studying the mi- 
crostructure and dynamic processes of polymers, nanomaterials, mesoporous materials, colloids, liquid crystals, 
metal materials, etc. At present, SAXS, wide angle X-ray scattering (WAXS), simultaneous SAXS/WAXS, 
grazing incident SAXS, and anomalous SAXS techniques are available for end user to conduct diverse ex- 
periments at this beamline. The sample-to-detector distance is adjustable from 0.2m to 5m. The practicable 
q-range is 0.03-3.6 nm™* at incident X-ray of 10 keV for conventional SAXS whilst a continuous g-region of 
0.06-33 nm~* can be achieved in simultaneous SAXS/WAXS mode. Time-resolved SAXS measurements in 
sub-second level was achieved by the beamline upgrating in 2013. This paper gives detailed descriptions about 
the status, performance and applications of the SAXS beamline. 


Keywords: Small angle X-ray scattering (SAXS), Wide angle X-ray scattering, Grazing incident SAXS, Anomalous SAXS 


DOI: 10.13538/j.1001-8042/nst.26.030101 


I. INTRODUCTION 


As one of the third-generation synchrotron radiation light 
source, Shanghai Synchrotron Radiation Facility (SSRF) [1] 
is now operated in a top-up injection mode with a constant 
electron beam current of 240mA. The small angle X-ray 
scattering (SAXS) beamline (BL16B1) is one of the seven 
Phase-I beamlines of SSRF, designed for measurements of 
small angle X-ray scattering (SAXS), wide angle X-ray s- 
cattering (WAXS), anomalous small angle X-ray scattering 
(ASAXS), and grazing incident small angle X-ray scattering 
(GISAXS) of appropriate samples. Constructed and opened 
to users in 2009, and upgraded in 2013, the beamline en- 
ables time-resolved studies on structural transitions in the 
sub-second level. Most users’ experiments performed on this 
beamline refer to kinetics, dynamics and rheology on mate- 
rials with nanoscale structures, such as polymers, nanoma- 
terials, mesoporous materials, colloids, liquid crystals, metal 
materials, etc. In this paper, we present a detail description 
about the SAXS beamline and station. 


Il. BEAMLINE CONFIGURATION AND TECHNIQUE 
SPECIFICATIONS 


The photon source of bending magnet of SSRF delivers X- 
rays of 5keV to 20keV. The beam with 1.2 x 0.12 mrad? 
divergence can be accepted by the optics system. The beam- 
line optics consists of a Si(111) flat double crystal monochro- 
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mator (DCM) and a double focusing toroidal mirror. Opti- 
cal layout of the beamline is shown in Fig. 1. Generally, the 
beamline works at 10 keV (0.124 nm) for user experiments. 
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Fig. 1. (Color online) Optical layout of SAXS beamline at SSRF. 


Specifications of the SAXS beamline are as follows: 

Energy range: 5-20 keV; 

Energy resolution: 4.0 x 1074@10 keV; 

Flux: ~ 3 x 10!" phs/s@10 keV and 240 mA; 

Focus size: ~ 0.4mm (H)x0.5 mm (V). 

The results of spot size and rocking curve measured on 
BL16B1 are shown in Fig. 2. 

The endstation of BL16B1 is shown in Fig. 3. The de- 
tectors are Marl65 CCD for SAXS, and INEL CPS120 (a 
one-dimensional arc gas detector) for WAXS. The beam in- 
tensity monitor before sample is a N, gas ionization cham- 
ber, and the monitor after sample adsorption is a photodiode 
in the beam stop. Two scatter-less slits (Xenocs) are used 
to depress parasitic scattering. The sample holder is mount- 
ed onto an optical table. The distance of sample to SAXS 
detector can be adjusted up to 5m, scattering from a sample 
transmits in vacuum, passing Kapton window to hit the detec- 
tor. There are sample stages for SAXS, GISAXS or WAXS 
(2D). The q ranges are 0.03-3.6nm~* for SAXS measure- 
ment and 4.5-33nm~! for WAXS measurement at 10 keV. 
And a continuous q range of 0.06-33 nm~! can be obtained 
in simultaneous SAXS/WAXS. Two conventional modes in 
sample-to-director distance of 2 m and 5 m have been provid- 
ed to users, and the q ranges are 0.08-3.6nm~! at 2m, and 
0.03-1.4nm—! at 5 m. 
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Fig. 2. (Color online) Results of spot size measurement of BL16B1. 


Fig. 3. (Color online) Endstation of BL16B1. 


The beamline control system is based on an EPICS plat- 
form in Linux operation system, which is convenient to com- 
municate among the devices. The CPS 120 detector works 
currently on a Labview platform in Windows operation sys- 
tem, it will be integrated into EPICS in future. Besides the 
foreseen sample surroundings, the users have the possibility 
to install their own specialized sample devices [2-5]. Techni- 
cal boundary conditions, user friendliness and reliability have 
been considered as important criteria. 


II. METHODOLOGY 


Techniques of the beamline include SAXS, WAXS, simul- 
taneous SAXS/WAXS, GISAXS and ASAXS. 


A. SAXS technique 


SAXS in transmission mode can be used for studying ma- 
terials, such as polymer, nanomaterials, metal, bio-materials, 
etc. [6-10]. Most of the SAXS experiments finished are in- 
situ studies on microstructure evolution of different samples, 
such as in-situ stretching of polymers and fiber at different 
temperatures. A typical work [11] is described as follows. 

The long time evolution of extension-induced crystalliza- 
tion of polyethylene oxide (PEO) was investigated by a 


combination of rheological measurement and in-situ SAXS, 
aimed at understanding dynamic changes in spatial arrange- 
ment of nuclei, in terms of both the chain stretching and ori- 
entation. The structural evolution in the small strain region is 
shown in Fig. 4. 
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Fig. 4. (Color online) Results of in-situ SAXS measurements of a 
polyethylene oxide sample (a) time evolution of the 2D SAXS pat- 
tern with a strain rate of 25s~', (b) the 1D intensity profiles, (c) 
evolution of the long period crystallization. 


B. Simultaneous SAXS/WAXS measurement 


Figure 5(a) shows instrumentation sketch of the simultane- 
ous SAXS/WAXS measurement. In order to obtain a contin- 
uous scattering vector q across the SAXS and WAXS col- 
lectable regions, the simultaneous SAXS/WAXS technique 
was developed, with the determinable range of SAXS mea- 
surement being q = 0.06-3.50nm~', while that of WAXS be- 
ing q = 2.50-34.8nm~!. Therefore, a continuous q can be ob- 
tained with a continuous q range of 0.06-33 nm7! (Fig. 5(b)). 
Simultaneous SAXS/WAXS is important for studying fiber 
stretching, liquid crystal and self-assembly system [12, 13]. 

The hardware is shown schematically in Fig. 6. The 
Mar165 CCD is the SAXS detector, and the 1D arc PSD (CPS 
120) is the WAXS detector. The SAXS detector has a trig- 
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ger signal to control other equipments to work synchronous- 
ly. The shutter, WAXS and SAXS detectors, can work syn- 
chronously through a pulse generator. Experimental results 
of simultaneous SAXS/WAXS for silver Behenate performed 
on BL16B1 are shown in Fig. 5(b). The data of SAXS and 
WAXS are combined through scaling the SAXS data with a 
factor to equal their integral area in the overlap region. 
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Fig. 5. (Color online) The SAXS/WAXS experiment station at 
BL16Blbeamline (a) and the SAXS/WAXS measurements for sil- 
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Fig. 6. (Color online) Hardware schematics of the simultaneous 
SAXS/WAXS technique. 


C. Grazing incidence SAXS 


GISAXS is a powerful tool for studying film surface and 
interface structures [14-17]. A Kohzu tilt stage is used as 
GISAXS sample stage (Fig. 7). The incidence angle of X- 
rays can be adjusted by the sample stage within an accuracy 
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Fig. 7. (Color online) The GISAXS setup at BL16B1. 
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Fig. 8. (Color online) Schematic of air flow induced orientation con- 
trol of titania mesochannels (a); the results of parallel alignment: (b), 
TEM, (c), GISAXS; and the results of vertical alignment: (d), TEM, 
(e), GISAXS. 


of 0.001°. In principle, the size of samples should be larger 
than 0.5 cm (w) x lem (l). 
The GISAXS experiments [18—21] performed on BL16B1 
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Fig. 10. (Color online) Peristaltic device for bio-solution SAXS measurement (a); solution scattering profiles of lysozyme using peristaltic- 
collection mode (red) and the standard curve (blue) (b); SAXS profiles of lysozyme using stationary-collection mode (c) and peristaltic- 
collection mode (d) in the exposure order of black, red and blue, 100 s each. Inserts show the Guinier plot of two modes. 


include the finding of a novel orientation of mesochannels in 
mesostructured thin films, results were published in [22]. 


As shown in Fig. 8(a), uniaxially oriented mesoporous tita- 
nia films in any uniaxial alignment direction were prepared by 
manipulating the magnitude and incidence angle of a shear- 
force of a hot air-flow. According to the TEM and GISAXS 
results of Figs. 8(b)—8(e), orientation of the mesochannels can 


be well controlled into parallel, vertical or oblique, with any 
angle with respect to the plane, by simply regulating the rate 
and incident angle of the air flow. 


A one dimension profile along the vertical and horizontal 
directions can be obtained from a two dimension GISAXS 
pattern using “Pre-GISAXS” (Fig. 9) [23]. 
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D. Anomalous SAXS 


Depending on energy tunability, ASAXS can be conducted. 
ASAXS of aluminum alloys (7150 and 7085 Al alloy) have 
been carried out. The SAXS patterns of 7150 Al alloy were 
obtained at various energies below the Zn K-edge. It was 
found that the scattering intensity increased obviously with 
decreasing energy. Due to absorption, thickness of the alloy 
sample should be less than 150 um. 


E. SAXS study of protein solution 


To reduce radiation damage, we have developed a peri- 
staltic device with thermo controller for solution SAXS mea- 
surements (Fig. 10(a)) [24]. Figures 10(b)—10(c) show the 
scattering data of lysozyme collected at BL16B1 using this 
device, indicating that the device is able to reduce the radia- 
tion damage for biomacromolecule solution samples. 


F. Supporting conditions and data processing 


The BL16B1 beamline at SSRF offers support for end 
users to carry out experimental research. Samples can be pre- 
pared in the support laboratories with ultra-pure water sys- 
tem, magnetic stirrer, electronic balance, ultrasonic appara- 
tus, centrifuge, electric oven, vacuum drying apparatus, po- 
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larizing microscope and AFM. And some in-situ devices are 
available, such as Linkam THMS600 heating stage (—196 °C 
to 600°C), Linkam CSS450 shearing system (ambient to 
450 °C), Linkam TS1500 heating stage (ambient to 1500 °C), 
in-situ fiber stretching (maximum tension: 1000N) device 
(ambient to 500 °C), and helium-atmosphere sample chamber 
to protect the samples from oxidation. 

A few widely-used packages of data processing have been 
developed, such as Irena, Nika, X-polar, FIT2D, etc. Spe- 
cial data process services such as remote data access and data 
archive [25] are also available on request. 


IV. CONCLUSION 


The SAXS beamline at SSRF provides a powerful support 
for studying microstructure of polymers, fibers and nanos- 
tructure/mesoporous materials. The techniques available in 
the beamline include SAXS, WAXS, ASAXS, GISAXS, and 
time-resolved simultaneous SAXS/WAXS on structural tran- 
sitions in the sub-second time region and partly ordered sys- 
tems with a scaling of 1 nm to 240 nm in real-space. More 
techniques will be developed at BL16B1, such as USAXS 
technique based on Bonse-Hart camera system and micro- 
focus SAXS. Still more common in-situ devices to facilitate 
the users will be developed. A complete SAXS data analysis 
platform will be established for data pretreatment, SAXS and 
WAXS data analysis, etc. 
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